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[57] ABSTRACT 

A frequency multiplier circuit including a circuit ele- 
ment to receive an input signal having a first frequency 
which is provided to a phase shifting circuit element to 
provide an intermediate signal resembling the input 
signal except shifted in phase. This intermediate signal is 
provided to a logic element which combines the inter- 
mediate frequency with the input signal to produce an 
output signal having a second frequency which is a 
multiple of the first frequency. 

16 Claims, 3 Drawing Figures 
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provide the frequency doubling function. This type of 
FREQUENCY MULTIPLIER CIRCUIT circuit is useful for applications on printed high fre- 

quency signals used for clrck signals when transmitted 
DESCRIPTION across the printed circuit cards may generate excessive 

1. Technical Field 5 electro-magnetic interference. The use of the present 
This invention relates to a circuit that provides an invention allows for low frequency signals, which gen- 
output signal frequency that is some multiple of an input crate less interference, to be transmitted across the 
signal frequency. printed circuit cards to specific areas on the card Where 

2. Background Art the low frequency signal will be multiplied for use by 
Frequency multipliers are used in electronic circuits 10 circuit elements requiring a high frequency signal. Use 

to provide high frequency signals. Classically, fre- of the frequency multiplier circuit in this manner would 

quency multiplier circuits included push-push or push- reduce the areas on the printed circuit card where the 

pull type amplifiers for use in radio frequency transmit- high frequency signals would be present and thus, re- 

ters. More recently, frequency multiplier circuits have duce the level of electro-magnetic interference from the 

employed digital logic components to provide clocking ^ card. 

signals. FIG. 1 is a block diagram of the frequency multiplier 

One frequency multiplier is disclosed in U.S. Pat. No. circuit. FIG. 2 illustrates the waveforms for signals at 

3,786,357 entitled "Digital Pulse Train Frequency Mul- different locations in the block diagram of FIG. 1. Re. 

tiplier" which discloses a pair of digital differentiators f er ring to FIG. 1, a reset circuit element 14 receives the 

that generate pulses at the leading and trailing edges of 20 input signal on line 1Q and a fesel signal Qn Vme n The 

an input pulse to provide an output signal having a i nput s ign a ] is ju ust rated in FIG. 2 as a squarewave 

frequency double that of the input frequency. waveform 11. The reset signal on line 12 can be used by 

, £/™ hcr T^ UC IS t * scIosed "U.S. Pat. No. externa] circuitry to turn ofT thc frcquency doublcr 

3,673,391 entitled Digital Frequency Multiplying Sys- drcuit ^ out t of the resel cifCuit M fe ^ Qn 

tern which includes an up-down counter connected to 25 ^ u tQ & e ^ drcuit Jg ^ & £ ^ 

a second counter and a fixed oscillator to provide an The output of reset circuit also resembles the waveform 

output pulse tram at a frequency related to the fre- jj of . F jq 2 

quency of a sequence of input pulses. The voliage shift circuit 18 shifts the voltage ampli- 

DISCLOSURE OF THE INVENTION 30 tude of this input signal. In thc preferred embodiment, 

In accordance with the present invention, a fre- ^e input signal waveform 11 includes an amplitude that 
quency multiplier circuit is provided that includes vanc < ! b f f twccn ° * nd * yol ^ c V oi ^5 volts. Re volt- 
means for receiving an input signal having a first fre. a » e s * lft circuit 18 alters the waveform ampitude to 
quency and which is connected to a means for provid- ^ bet , wcen ,7^™^? L° + ' ™ ! llust ?* ed 
ing an output signal that is phase shifted from said input 35 ,n waveform 21 of FIG. 2. For proper operation of this 
signal. The phase shifted output is provided to a logic embodiment, the input squarewave waveform on line 16 
element that combines the phase shifted output with the must *> e smfted such that " 1S symmetrical about 0 volts, 
input signal to produce an output signal of a second ln otner words » the waveform is symmetrical about 0 
frequency wherein the second frequency is a multiple of volts - This symmetrical waveform 21 is provided on 
the first frequency. 40 nne 20 to an integrator circuit element 22. The integra- 

In one embodiment of the present invention, the fre- tor circuit dement 22 provides an output waveform 25 

quency multiplier circuit includes the means to alter the on nne 24* Th* output waveform varies in amplitude 

voltage amplitude of the input signal in providing the between 0 and V volts. In the preferred embodiment, 

phase shifted signal. The altered amplitude signal is then tne m P ut "g™ 1 waveform 11 on line 16 is also provided 

integrated and provided to an exclusive OR gate which 45 to a delay circuit 26, which is merely a time delay iden- 

combined this input with the original input signal to tical to the time delay for the signal provided by the 

provide the output siganl. voltage shift circuit element 18 and the integrator cir- 
cuit element 22. The output of the delay circuit element 

BRIEF DESCRIPTION OF THE DRAWING u is prov ided on line 28 and resembles the waveform 

The novel features believed characteristic of the in- 50 U- The signals on lines 24 and 28 are provided to the 
vention are set forth in the appended claims. The inven- wave generator circuit element 30. The wave generator 
tion itself, however, as well as other features and ad van- circuit element 30 inputs the sawtooth waveform 25 to 
tages thereof, will be best understood by reference to form a square waveform 34 that is a phase shifted ver- 
the following description of the preferred embodiment, sion of the input waveform 11. The waveform 34 and 
when read in conjunction with the accompanied fig- 55 the waveform 11 are then combined in the wave genera- 
tes, wherein: tor circuit element 30 to provide a frequency doubled 

FIG. 1 is a block diagram of the multiplier circuit; output signal on line 32. The output signal waveform on 

FIG. 2 is a timing diagram illustrating waveforms in line 32 is illustrated as waveform 33 in FIG. 2. 

the frequency multiplier circuit; and FIG. 3 is a schematic diagram of the frequency multi- 

FIG. 3 is a schematic diagram of the frequency multi- 60 plier circuit The reset circuit element 14 is illustrated as 

plier circuit. including a D flip-flop 50 connected to an AND gate 54 

ppct vrnnF fob r app vrwn orrr top t0 P rovide ^ out put on line 16. The reset signal on line 

BEST MODE FOR CURVING OUT THE n provides the input tQ the D nip _ nop ^ D terminal 

ain viiiN iiuin ^ the inpjit signal on line 10 provided to the clock 

The preferred embodiment is a frequency multiplier 65 input to D flip-flop 50. The Q output from D flip-flop 50 

that provides a signal output of a frequency double that is provided on line 52 along with the input signal on line 

of the input signal frequency. This circuit is advanta- 10 as the.two inputs to the AND gate 54. The output of 

geous because it requires only a few components to the AND gate 54 is the signal on line 16 previously 
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discussed. The use of the D flip-flop 50 and AND gate 
54 insure that the multiplier always starts on the rising 
edge of the input signal. 

The voltage shift circuit element 18 is illustrated as 
including operational amplifiers 70 and 60. Operational 
amplifier 60 is connected to three resistors 56, 57 and 58 
to form an inverting amplifier. In the preferred embodi- 
ment, resistor 56 is twice the resistance of resistance 58 
to provide a gain of |. The voltage input value V, in this 
preferred embodiment, corresponds to the maximum 
voltage amplitude of the input signal on line 10. The 
output voltage on line 61 is one-half of this voltage V. 
This voltage is input to resistor 62 which is one of a 
network of resistors including resistors 64, 66, and 68 
connected with operational amplifier 70 forming a sum- 
ming amplifier to provide the amplitude shifted wave- 
form 21 of FIG. 2 on line 20. 

The integrator circuit element 22 is illustrated as 
including operational amplifier 76, resistors 72 and 74, 
and capacitor 78. The output of the integrator circuit on 
line 24 is provided to the wave generator circuit ele- 
ment 30. 

An explanation of summing amplifier, integrator and 
inverting amplifier design is contained in Linear LSI 
Data and Applications Manual, 1985 from Signetics, Inc. 
pages 9-188 and 9-189 herein incorporated by refer- 
ence. 

The input signal on line 16 is also provided to the 
delay circuit element 26 which includes two operational 
amplifiers 82 and 86 and resistor 84 to provide the time 
delay previously discussed. The output of the delay 
circuit element 26 on line 28 is also provided to the 
wave generator circuit 30. 

The wave generator circuit 30 consists of an EX- 
CLUSIVE OR gate 80. As previously discussed, the 
integrator circuit element 22 output on line 24 is a saw- 
tooth waveform 25 (FIG. 2) which, when due to the 
trigger level of the EXCLUSIVE OR gate 80, is effec- 
tively the waveform 34 which resembles the waveform 
11 shifted in phase by 180 degrees. This shifted wave- 
form 34 is then combined with the waveform 11 from 
line 28 to produce the output waveform 33 on line 32. 

In the preferred embodiment, the operational amplifi- 
ers 70, 76, 82 and 86 can be any high gain operational 
amplifier having a high slew rate such as a LH 0032 
from National Semiconductor, Inc. Operation amplifier 
60 docs not have to have a high slew rate and a LM107 
from National Semiconductor, Inc. would suffice. 

Multiple frequency multiplier circuits can be cas- 
caded to provide multiplier factors of greater than 2. 

Although the invention has been described with ref- 
erence to this specific embodiment, this description is 
not meant to be construed in a limiting sense. Various 
modifications of the disclosed embodiment, as well as 
other embodiments of the invention, will become appar- 
ent to those persons skilled in the art upon reference to 
the description of this invention. It is, therefore, con- 
templated that the appended claims will cover any such 
modifications or embodiments as fall within the true 
scope of the invention. 

I claim: 

1. A frequency multiplier circuit comprising: 
means for receiving an input signal of a first fre- 
quency having a signal amplitude symmetrical 
about a first reference; 
means for phase shifting said input signal including 
means for altering the input signal amplitude to be 
symmetrical about a second reference, said altering 



means connected to a means for integrating said 
altered signal and restoring the input signal ampli- 
tude to be symmetrical about the first reference; 
means for time delaying said input signal; and 
S threshold means for logically combining said delayed 
input input signal and said phase shifted signal for 
producing an output signal of a second frequency, 
said second frequency being a multiple of said first 
frequency. 

10 2. A frequency multiplier circuit according to claim 1 
wherein said altering means includes means for chang- 
ing the input signal voltage amplitude to be symmetrical 
about zero volts. 

3. A frequency multiplier circuit according to claim 2 
15 wherein said logical combining means is an EXCLU- 
SIVE OR gate. 

4. A frequency multiplier circuit according to claim 1 
wherein said receiving means is a flip-flop 

5. A frequency multiplier circuit according to claim 4 
20 wherein said flip-flop is connected to receive a reset 

signal to reset the circuit. 

6. A frequency multiplier circuit according to claim 4 
wherein said input signal is a squarewave. 

7. A frequency multiplier circuit according to claim 6 
25 wherein said phase shifting means shifts said input signal 

by 180 degrees. 

8. A frequency multiplier circuit according to claim 7 
wherein said multiple of said first frequency is a power 
of two. 

30 9. A frequency multiplier circuit comprising: 

means for receiving an input squarewave waveform 
signal having a first frequency and having a signal 
voltage amplitude symmetrical about a non-zero 
reference; 

35 means for producing a sawtooth waveform signal 
from said input signal including a means for chang- 
ing the voltage amplitude of the input signal wave- 
form to be symmetrical about zero volts connected 
to a means for integrating the symmetrical wave- 

40 form and restoring the integrated signal to the 
original input signal voltage amplitude; 
means for time delaying said input squarewave wave- 
form signal; and 
threshold means for logically combining the delayed 

45 input squarewave signal with the sawtooth wave- 
form signal to produce a squarewave waveform 
output signal having a frequency twice the first 
frequency. 

10. A frequency multiplier circuit comprising: 

50 means for receiving an input signal of a first fre- 
quency having a voltage amplitude symmetrical 
about a non-zero voltage reference; 
means for phase shifting said input signal including 
means for altering the input signal voltage ampli- 
55 tude to be symmetrical about zero volts; 
means for time delaying said input signal; 
a threshold EXCLUSIVE OR gate connected to said 
time delayed input signal and said phase shifted 
signal and producing an output signal of a second 
60 frequency, said second frequency being a multiple 
of said first frequency. 

11. A frequency multiplier circuit according to claim 
10 wherein said receiving means is a flip-flop. 

12. A frequency multiplier circuit according to claim 
65 10 wherein said receiving means is connected to receive 

a reset signal to reset the circuit. 

13. A frequency multiplier circuit according to claim 
12 wherein said input signal is a squarewave. 
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14. A frequency multiplier circuit according to claim 

13 wherein said phase shifting means shifts said input 
signal by. 180 degrees. 

15. A frequency multiplier circuit according to claim 

14 wherein said multiple of said first frequency is a 
power of two. 

16. A frequency multiplier circuit comprising: 
means for receiving an input squarewave waveform 

signal having a first frequency; 



10 



means for changing the amplitude of the input square- 
wave waveform signal; 

means for integrating the waveform from the ampli- 
tude changing means to produce a sawtooth wave- 
form signal; 

means for time delaying the input signal; 

threshold means for logically combining the delayed 
input signal with the sawtooth waveform signal to 
produce a squarewave waveform output 
having a frequency twice the first frequency. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 4,691,170 

DATED : September 1, 1987 

INVENTOR(S) : M. W. Riley 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 



Column 4, line 6, "input input signal and said phase shifted 
signal for" should read --input signal and said phase 
shifted signal for — . 



Signed and Sealed this 
Twenty-eighth Day of November 1989 

Aiiest: 

JEFFREY M. SAMUELS 
Attesting Officer Acting Commissioner of Patents and Trademarks 
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